The Problem Experimental studies of the development of the nervous system have provided a limited number of clues to the factors responsible for its organization. In a recent review of the literature, Detwiler10 has summarized the pertinent facts, which seem to fall rather naturally into four classifications. In the first of these the numerous findings of Spemann and his associates may be placed. These point to the presence in early development of an agent known as the organizer. Under rigorously controlled conditions this seems to serve as an initiator of the development of the nervous system. Residing normally in the dorsal lip of the blastopore, this agent is capable of producing definitive neural tissue from non-neural ectoderm. This material, living or dead, seems equally potent and may be related to chemical substances akin to carcinogenic agents. Closely related to the action of the organizer is the induction of development by neighboring structures. These findings suggest that the development of any particular group of cells is quite as much dependent upon the inter-relationships between cells as upon the chromosomal constituents of the cells themselves.
Into the second group fall the data dealing with the influence of purely chemical substances whose action is described in the neurotropisms of Cajal' '7 and others. Stressed here is the possibility that parts of the living organism liberate chemicals which in some way seem to attract growing nerve fibers.
A third group of findings, notably those of Harrison"1' 12 and, more recently, those of Weiss19 emphasize the importance of mechanical factors resident in the substratum of the organism as determinants of neural patterns.
Finally, numerous investigators have suggested the importance of bio-electric factors. These range all the way from neuro-biotaxis of Kappers"4 to the galvanotropism of Ingvar."3 With the above should also be included those qualitative factors which have been loosely termed "field factors." These latter result from the pioneer work of the earlier experimental embryologists, notably Driesch, and they include the mito-genetic fields of Gurwitsch, the embryonic fields of Spemann, the biological fields of Weiss and, to a limited extent, the physiological gradient of Child.
A little reflection upon the above data points to the inevitable conclusion that the organization of the nervous system is but one aspect of the more fundamental problem of the source of patterns in all organisms. In all probability, if the determinants of neural pattern could be found, significant data dealing with general biological organization would be at hand. Furthermore, consideration of all the facts available discloses many inconsistencies and conflicts. If it be assumed that chemical factors are important, it is still necessary to know how a particular chemical substance appeared at a specific point, at a given time, and in such a form as to influence the growth and differentiation of neurones. If stereotropism or the orientation of colloidal micellae is responsible, it is still necessary to know what establishes the nature of the substratum. If bio-electric properties are significant, it is equally necessary to know whence these attributes come and what establishes the distribution of electrical polarities and potential differences. Fortunately, the literature presents a number of observations which point the direction in which profitable investigations might well proceed.
In 1903, A. P. Mathews, after studying electrical polarities in Hydroids, presented the following far-reaching generalization: "Every excess of action, every change in physical state of the protoplasm of any organ, or any area in the embryo or in the egg, produces, it is believed, an electrical disturbance." And again: "These currents probably play a larger part in the determination of rates of growth in the orientation or polarization of the cells, and the differentiation of the organisms, in its polarity, in other words, than has been supposed." (p. 297).
In 1917, Kappers elaborated the theory of neuro-biotaxis. This rested on the fundamental assumption that the growth and orientation of nerve fibers were conditioned by environmental factors which were probably of galvanic or electrical nature. In 1920, Ingvar published a brief abstract in which evidence was established that growing nerve fibers in a tissue culture reacted to a galvanic current.
In 1921, Child gave extensive consideration to the possible relationships between bio-electric polarization and the physiological gradients which he and his associates had described.
In the same year, Lund began an extensive series of studies of the relationship between organic polarity and electric currents which has provided impressive evidence of correlation between bio-electric phenomena and growth and regeneration.
It was considerations such as these which led Burr in 1932 to re-examine the whole problem and to formulate a theory of biological organization in general and of the nervous system in particular, based upon the bio-electric properties of living things. Briefly, this theory holds that the electrical potentials and polarities found in association with living things take part in the formation of a relatively steady state electro-dynamic field. It was proposed that this field, although the outcome of the electrical activity of the constituents of the organism, nevertheless exerts a directive and determinative influence upon the pattern of organization. In order to test the validity of the theory it was necessary to put to Nature four questions:
The present paper is one of a series which seeks to solve these problems. Using a new technic developed for the purpose, the data here reported give evidence of the presence of a steady state electrodynamic field in the salamander. Thus, further support is given for an affirmative answer to the first three of the above questions. An answer to the last question can be had only if it becomes possible to change the field of an embryo, thereby changing its development.
The Technic The study of the bio-electric properties of the growing salamander has been made possible through the development of an adequate technic by Burr, Lane, and Nims. The instrumental set-up consists of a vacuum tube microvoltmeter, silver-silver chloride electrodes, and a galvanometer. The microvoltmeter is essentially a balanced bridge circuit with a high input impedance and low output impedance. It is remarkably stable, independent of external resistance as high as 5 The average cephalo-caudad electrical potentials of the four embryo groups are given in Table 1 . Standard deviations and ranges indicate the degree of variability. The reliabilities of the differences between the magnitudes of electrical potential of the groups are shown in Table 2 . Figure I presents the data graphically, giving the mean electrical potentials of the embryos at various stages of development. No reliable change in the size of the potential differences is obtained until stage 30. Until this stage the magnitudes of potential are extremely small. After stage 30, the increase in potential with age is pronounced and reliable. The curve as a whole is positively accelerated, fitting a logarithmic function quite closely.
The striking regularity with which the measures of variability parallel the averages can be seen by comparison of Figures 1 and 2 . In the latter figure the standard deviations and the ranges of the various embryo populations have been plotted. These results, similar to those obtained in an earlier investigation,2 confirm the findings of Crozier and Hoagland' in indicating the regularity and lawfulness of variability.
An approach gradient, showing the magnitude of potential measured at various distances from the embryo, is plotted in Figure 3 . The form of the curve is closely similar to those obtained upon chick embryos. Discussion A number of important considerations arise in connection with the above data. It is to be noted first of all that these measurements are made in an aquatic environment. The fact that it is possible to obtain reliable bio-electric determinations under these conditions indicates clearly that the embryo possesses an electrodynamic field. The nature of the measuring device precludes the appearance of the uncontrolled variables of current and resistance. Only potential differences are being measured between two points in an electric field. Moreover, the approach gradient indicating that the field forces can be intersected outside of the embryo gives added weight to the belief that a field is present. Discussion of this problem has been presented in previous papers.2 17 It is perhaps surprising that constant potential differences were not obtainable in the very early stages of development. This does not mean that potential differences could not be found but rather that small local differences seem to exceed any total over-all potential. For example, in the four-cell stage, a single cell showed a potential difference of 160 microvolts along its greatest diameter. Again, in the morula stage consistent differences of several hundred microvolts were found between the animal and vegetable poles.
In like manner the dorsal lip of the blastopore was negative to the animal pole by several hundred microvolts.
Finally, potential differences were found along the neural plate in all the stages of its development. However, since the number of determinations covering these early stages was relatively small, final description of them must await further study. It seems reasonably clear, however, that the early stages in the development of the salamander should prove a fruitful field for investigators.
A few preliminary measurements would seem to indicate, the very great probability that the qualitative polarity of specific organs as described by the experimental embryologists for the ear, the limb, and for the lateral line, is fundamentally an electric polarity which may be measured accurately. It is, of course, necessary to know the normal distributions of these potential differences. Once determined, the technic of the experimental embryologist may be used to alter the normal relationships of the embryo so that the effect of such alteration upon the bio-electric properties may be adequately studied. 5 , all the embryos in pH 7.8, and half of those in pH 6.3 were dead after 60 hours had elapsed. Until further data are collected, it seems unlikely that shifts in pH alter to any significant degree the head-tail bio-electric gradient.
It seems clear, therefore, that potential differences in the living organism develop with the growth of the embryo and respond to fundamental physiological processes but do not change with changing hydrogen-ion concentration.
Conclusion
The data here presented offer additional evidence of the presence in a living organism of a relatively steady-state electro-dynamic field. Potential differences present in the embryo before the differentiation of any organic system increase continually during the establishment of all such systems. Present before, continuing through, and persisting after local physiological processes, the field develops, showing a direct correlation with the growth of the embryo.
